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(57) Abstract 

A construction for a shoe, particularly an athletic shoe, which includes a sole that conforms to the natural shape of the foot 
shoe, induding the bottom and the sides, when that foot sole defonns naturally by flattening under load wliile walking or running 
in Older to provide a stable support base for the foot and ankle. Deformation sipes (152) sudi as slits or channels are introduced 
in horizontal plane of the shoe sole to provide it with flexibility roughly equivalent to that of the foot. The result is a shoe sole that 
accurately parallels the frontal plane defonnadon of the foot sole, which creates a steble base that is wide and flat even when tilt- 
ed sideways in extreme pronation or supination motion. In marked contrast, conventional shoe soles (22) are rigid and become 
highly unstable when tihed sideways because they are supported only by a thin bottom edge. 



FOR THE PUBPOSBS OF IMFORMATtON ONLY 



Codes used to identity States party to the PCT on the front pages of pamphlets publishing international 
applications under the PCT. 



AT 


Austria 


ES 


Spain 


MG 


Madagascar 


AU 


Australia 


Ft 


Finlanil 


ML 


Mali 


BB 


Barbados 


PR 


France 


MN 


Mongolia 


BE 


Belgium 


GA 


Gabon 


MR 


Mauritania 


BP 


Burkina Faso 


GB 


United Kingdom 


MW 


Malawi 


BG 


Bulgaria 


GN 


Guinea 


NL 


Netherlands 


BJ 


Benin 


GR 


Greece 


NO 


Norway 


BR 


Brazil 


HU 


Hungiary 


PL 


Poland 


CA 


Canada 


rr 


Italy 


RO 


Romania 


CP 


Central African Republic 


jp 


Japan 


SO 


Sudan 


CC 


Congo 


KP 


Democratic People** Republic 


SB 


Sweden 


CH 


Swltzcrlaml 




of Korea 


SN 


Senegal 


CI 


C&tc d'lvoiru 


KR 


RepniKtic of Korea 


8U 


Soviet Union 


CM 


Cameroon 


LI 


Liechtenstein 


TD 


Chad 


CS 


Ovchoslovakia 


LK 


Sri Lanka 


TG 


Togo 


DB 


Germany 


LU 


Luxembourg 


US 


United States of America 


DK 


Denmark 


MC 


Monaco 







wo 91/19429 



PCr/US91/04138 



1 

SHOE SOLE flTRTCTPREg 
BACKGROUND OF THE INVEKTIOK 

5 This invention relates generally to the structure 

of shoes. More specifically, this invention relates to 
the structure of athletic shoes. Still more particularly, 
this invention relates to shoe soles that conform to the 
natural shape of the foot sole, including the bottom and 
10 the sides, when the foot sole deforms naturally during 

locomotion in order to provide a stable support base for 
the foot and ankle. Still more particularly, this 
invention relates to the use of deformation sipes such as 
slits or channels in the shoe sole to provide it with 
15 sufficient flexibility to parallel the frontal plane 

deformation of the foot sole, which creates a stable base 
that is wide and flat even when tilted sideways in natural 
pronation and supination motion. 

The applicant has introduced into the art the use 
20 of sipes to provide natural deformation paralleling the 
human foot in pending U.S. application No. 07/424,509, 
filed October 20, 1989, and No. 07/478,579, filed February 
8, 1990. It is the object of this invention to elaborate 
upon those earlier applications to apply their general 
25 principles to other shoe sole structures, including those 
introduced in other esarlier applications. 

By way of introduction, the prior two applications 
elaborated almost exclusively on the use of sipes such as 
slits or channels that are preferably about perpendicular 
30 to the horizontal plane and about parallel to the sagittal 
plane, which coincides roughly with the long axis of the 
shoe; in addition, the sipes originated generally from the 
bottom of. the shoe sole. This application will elaborate 
on use of sipes that instead originate generally from 
35 either or both sides of the shoe sole and are preferably 
about perpendicular to the sagittal plane and about 
parallel to the horizontal plane; that approach was 
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introduced in the '509 application. Thus, this 
application will focus on sipes originating generally from 
either or both sides of the shoe sole, rather than from 
the bottom or top (or both) of the shoe sole. 
5 In addition to the prior pending applications 

indicated above, the applicant has introduced into the art 
the concept of a theoretically ideal stability plane as a 
structural basis for shoe sole designs. That concept as 
implemented into shoes such as street shoes and athletic 
10 shoes is presented in pending U.S. applications Nos, 

07/219,387, filed on July is, 1988; 07/239,667, filed on 
September 2, 1988; 07/400,714, filed on August 30, 1989; 
07/416,478, filed on October 3, 1989; 07/463,302, filed on 
January 10, 1990; and 07/469,313, filed on January 24, 
15 1990, as well as in PCT Application No. PCT/US89/03076 

filed on July 14, 1989. The purpose of the theoretically 
ideal stability plane as described in these applications 
was primarily to provide a neutral design that allows for 
natural foot and ankle biomechanics as close as possible 
20 to that between the foot and the ground, and to avoid the 
serious interference with natural foot and ankle 
biomechanics inherent in existing shoes. 

The applicant's prior application on the sipe 
invention and the elaborations in this application are 
25 modifications of the inventions disclosed and claimed in 
the earlier applications and develop the application of 
the concept of the theoretically ideal stability plane to 
other shoe structures. Accordingly, it is a general 
object of the new invention to elaborate upon the 
application of the principle of the theoretically ideal 
stability pleme to other shoe structxires. 

It is an overall objective of this application to 
show additional forms and variations of the general 
deformation sipes invention disclosed in the '509 and '579 
applications, particularly showing its incorporation into 
the other inventions disclosed in the applicant's other 
applications . 



30 



35 
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These and other objects of the invention will become 
apparent from a detailed description of the invention 
which follows taken with the accompanying drawings. 

5 BRIEF DESCRIPTION OF TOE DRAWINgg 

Fig, 1 shows, in frontal plane raross section at 
the heel portion of a shoe, a conventional modern running 
shoe with rigid heel coiinter and reinforcing motion 
control device and a conventional shoe sole. Fig. 1 shows 
10 that shoe when tilted 20 degrees outward, at the normal 
limit of ankle inversion. 

Fig. 2 shows, in frontal plane cross section at 
the heel, the human foot when tilted 20 degrees outward, 
at the normal limit of atdcle inversion. 
15 Fig. 3 shows, in frontal plane cross section at 

the heel portion, the applicant's prior invention in 
pending U.S. application No. 07/424,509, filed October 20, 
1989, of a conventional shoe sole with sipes in the form 
of deformation slits aligned in the vertical plane along 
20 the long axis of the shoe sole. 

Fig. 4 is a view similar to Fig. 3, but with the 
shoe tilted 20 degrees outward, at the normal limit of 
ankle inversion, showing that the conventional shoe sole, 
as modified according to pending U.S. Application No. 
25 07/424,509, filed October 20, 1989, can deform in a manner 
paralleling the wearer's foot, providing a wide and stable 
base of support in the frontal plane. 

Fig. 5 is a view repeating Fig. 9B of pending 
Application No. '509 showing deformation slits applied to 
30 the applicant's prior naturally contoured sides invention, 
with additional slits on roughly the horizontal plane to 
aid natural deformation of the contoured side. 

Fig. 6A is a frontal plane cross section at the 
heel of a conventional shoe with a sole that utilizes both 
35 horizontal and sagittcrl plane slits; Fig. 6B and Fig. 6C 
show other conventional shoe soles with other variations 
of horizontal plane deformation slits originating from the 
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sides of the shoe sole. 

Pig. 7 is a frontal plane cross section at the 
heel of a conventional shoe of the right foot utilizing 
horizontal plane deformation slits and tilted outs/aurd 
5 about 20 degrees to the normal limit of ankle motion. 

Pig. 8 is a frontal plane cross section at the 
heel of a conventional shoe with horizontal plane sipes in 
the form of slits that have been enlarged to chemnels, 
which contain an elastic supportive material. 

10 Pigs. 9A-C show a series of conventional shoe sole 

cross sections in the frontal plane at the heel utilizing 
both sagittal plane and horizontal plane sipes, and in 
which some or all of the sipes do not originate from any 
outer shoe sole sxirface, but rather are entirely internal;. 

15 Pig. 9D shows a similar approach applied to the 
applicant's fully contoured design. 

Fig. 10 shows, in frontal plane cross section at 
the heel portion of a shoe, the applicamt's prior 
invention of a shoe sole with naturally contoured sides 

20 based on a theoretically ideal stability plane. 

Pig. 11 shows, again in frontal plane cross 
section, the most general case of the applicant's prior 
invention, a fully contoured shoe sole that follows the 
natural contour of the bottom of the foot as well as its 

25 sides, also based on the theoretically ideal stability 
plane. 

Fig. 12 shows, in frontal pleme cross section at 
the heel, the use of a high density (d') midsole material 
on the naturally contoured sides and a low density (d) 
30 midsole material everywhere else to reduce side width. 

DETAILED DB8CRXPTION OP THE PREFERRED EMBODIMENTS 

Pig. 1 shows a conventional athletic shoe in cross 
section at the heel, with a conventional shoe sole 22 
35 having essentially flat upper and lower surfaces and 

having both a strong heel counter 141 and an additional . 
reinforcement in the form of motion control device 142. 
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Fig. 1 specifically illustrates when that shoe is tilted 
outward laterally in 20 degrees of inversion motion at the 
normal natural limit of such motion in the barefoot. Fig. 
1 demonstrates that the conventional shoe sole 22. 
5 functions as an essentially rigid structure in the frontal 
plane, maintaining its essentially flat, rectangular shape 
when tilted and supported only by its outside, lower 
corner edge 23, about which it moves in rotation on the 
ground 43 when tilted. Both heel counter 141 and motion 
10 control device 142 significantly enhance and increase the 
rigidity of the shoe sole 22 when tilted. All three 
structures serve to restrict and resist deformation of the 
shoe sole 22 under normal loads, including standing, 
walking and running. Indeed, the structural rigidity of 
15 most conventional street shoe materials alone, especially 
in the critical heel area, is usually enough to 
effectively prevent deformation. 

Fig. 2 shows a similar heel cross section of a 
barefoot tilted outward laterally at the normal 20 degree 
20 inversion maximum. In marked contrast to Fig. 1, Fig. 2 
demonstrates that such normal tilting motion in the 
barefoot is accompanied by a very substantial amount of 
flattening deformation of the human foot sole, which has a 
pronounced rounded contour when unloaded, as will be seen 
25 in foot sole surface 29 later in Fig. ii. 

Fig. 2 shows that in the critical heel area the 
barefoot maintains almost as great a flattened area of 
contact with the ground when tilted at its 20 degree 
maximum as when upright, as seen later in Fig 3. in 
30 complete contrast. Fig. 1 indicate clearly that the 

conventional shoe sole changes in an instant from an area 
of contact with the ground 43 substantially greater than 
tli :t of the barefoot, as much as 100 percent more when 
measuring in roughly the frontal plane, to a very narrow 
35 edge only in contact with the ground, an area of contact 
many times less than the barefoot. The unavoidable 
consequence of that difference is that the conventional 
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shoe sole is inherently unstsOale and interrupts natiiral 
foot and ankle motion, creating a high and unnatural level 
of injtaries, trauaiatic ankle sprains in particular and a 
multitude of chronic overuse injxiries. 
5 This critical stability difference between a 

barefoot and a conventional shoe has been dramatically 
demonstrated in the applicant's new and original ankle 
sprain simulation test described in detail in the 
applicant's earlier U. S. patent application 07/400,714, 

10 filed on August 30, 1989 and was referred to also in both 
of his earlier applications previously noted here. 

Fig. 3 shows, in frontal plane cross section at 
the heel, the applicant's prior invention of pending U.S. 
application No. 07/424,509, filed October 20, 1989, the 

15 most clearcut benefit of which is to provide inherent 
stability similar to the barefoot in the ankle sprain 
simulation test mentioned above. 

It does so by providing conventional shoe soles 
with sufficient flexibility to deform in parallel with the 

20 natural deformation of the foot. Fig. 3 A indicates a 
conventional shoe sole into which have been introduced 
deformation slits 151, also called sipes, which are 
located optimally in the vertical plane and on the long 
axis of the shoe sole, or roughly in the sagittal plane, 

25 assuming the shoe is oriented straight ahead. 

The deformation slits 151 can vary in number 
beginning with one, since even a single deformation slit 
offers improvement over an unmodified shoe sole, though 
obviously the more slits are used, the more closely can 

30 the surface of the shoe sole coincide naturally with the 
surface of the sole of the foot and deform in parallel 
with it. The space between slits can vary, regularly or 
irregularly or randomly. The deformation slits isi can be 
evenly spaced, as shown, or at uneven intervals or at 

35 unsymmetrical intervals. The optimal orientation of the 
deformation slits 151 is coinciding with the vertical 
plane, but they can also be located at an angle to that 
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plane. 

The depth of the deformation slits 151 can vary. 
The greater the depths the more flexibility is provided. 
Optimally, the slit depth should be deep enough to 
5 penetrate most but not all of the shoe sole, starting from 
the bottom surface 31, as shown in Fig. 3A. 

A key element in the applicant's invention is the 
absence of either a conventional rigid heel counter or 
conventional rigid motion control devices, both of which 
10 significantly reduce flexibility in the frontal plane, as 
noted earlier in Pig. 1, in direct proportion to their 
relative size and rigidity. If not too extensive, the 
applicant's prior sipe invention still provide definite 
improvement. 

15 Finally, it is another advantage of the invention 

to provide flexibility to a shoe sole even when the 
material of which it is composed is relatively firm to 
provide good support; without the invention, both firmness 
and flexibility would continue to be mutually exclusive 

20 and could not coexist in the same shoe sole. 

Fig. 4 shows, in frontal plane cross section at 
the heel, the applicant's prior invention of pending U.S. 
application No. 07/424,509, filed October 20, 1989, 
showing the clearcut advantage of using the deformation 

25 slits 151 introduced in Fig 3. With the substitution of 
flexibility for rigidity in the frontal plane, the shoe 
sole can duplicate virtually identically the natxiral 
deformation of the human foot, even when tilted to the 
IJLmit of its normal range, as shown before in Fig. 2. The 

30 natural deformation capability of the shoe sole provided 
by the applicant's prior invention shown in Fig. 4 is in 
complete contrast to the conventional rigid shoe sole 
shown in Fig. 1, which cannot deform naturally and has 
virtually no flexibility in the frontal plane. 

35 It should be noted that because the deformation 

sipes shoe sole invention shown in Figs. 3 and 4, as well 
as other structures shown in the '509 application and in 
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this application, allows the deformation of a modified 
conventional shoe sole to parallel closely the natxiral 
deformation of the barefoot, it maintains the natural 
stability and natural, iminterrupted motion of the 
5 barefoot throughout its normal range of sideways pronation 
and supination motion. 

Indeed, a key feature of the applicant's prior 
invention is that it provides a means to modify existing 
shoe soles to allow them to defomn so easily, with so 

10 little physical resistance, that the natural motion of the 
foot is not disrupted as it deforms naturally. This 
surprising result is possible even though the flat, 
roughly rectangular shape of the conventional shoe sole is 
retained and continues to exist except when it is 

15 deformed, however easily. 

It should be noted that the deformation sipes shoe 
sole invention shown in Pigs. 3 and 4, as well as other 
structures shown in the '509 application and in this 
application, can be incorporated in the shoe sole 

20 structures described in the applicant's pending U.S. 
application No. 07/469,313, as well as those in the 
applicant's earlier applications, except where their use 
is obviously precluded. Relative specifically to the '313 
application, the deformation sipes can provide a 

25 significant benefit on any portion of the shoe sole that 

is thick and firm enough to resist natural deformation due 
to rigidity, like in the forefoot of a negative heel shoe 
sole. 

Note also that the principal function of the 
30 deformation sipes invention is to provide the otherwise 

rigid shoe sole with the capability of deforming easily to 
parallel, rather than obstruct, the natural deformation of 
the human foot when load-bearing and in motion, especially 
when in lateral motion and particularly such motion in the 
35 critical heel area ocCtirring in the frontal plane or, 

alternately, perpendicular to the subtalar axis, or such 
lateral motion in the important base of the fifth 
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metatarsal area occurring in the frontal plane. Other 
sipes exist in some other shoe sole structures that are in 
some ways similar to the deformation sipes invention 
described here, but none provides the critical capability 
5 to parallel the natural deformation motion of the foot 

sole, especially the critical heel and base of the fifth 
metatarsal, that is the fundamental process by which the 
lateral stability of the foot is assured during pronation 
and supination motion. The optimal depth and number of 
10 the deformation sipes is that which gives the essential 
support and propulsion structures of the shoe sole 
sufficient flexibility to deform easily in parallel with 
the natural deformation of the human foot. 

Finally, note that there is an inherent 
15 engineering trade-off between the flexibility of the shoe 
sole material or materials and the depth of deformation 
sipes, as well as their shape and number; the more rigid 
the sole material, the more extensive must be the 
deformation sipes to provide natxiral deformation. 
20 Fig. 5 shows, in a portion of a frontal plane 

cross section at the heel. Fig. 9B of the applicant's 
prior invention of pending U.S. application No. 
07/424,509, filed October 20, 1989, showing the new 
deformation slit invention applied to the applicant's 
25 naturally contoured side invention, pending in U.S. 

application No. 07/239,667. The applicant's deformation 
slit design is applied to the sole portion 28b in Fig. 4B, 
4C, and 4D of the earlier application, to which are added 
a portion of a naturally contoured side 28a, the outer 
30 surface of which lies along a theoretically ideal 
stability plane 51. 

Fig. 5 also illustrates the use of deformation 
slits 152 aligned, roughly speaking, in the horizontal 
plane, though these planes are bent up, paralleling the 
35 sides of the foot andT)aralleling the theoretically ideal 
stability plane 51. The purpose of the deformation slits 
152 is to facilitate the flattening of the naturally 
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contoured side portion 28b, so that it can more easily 
follow the natural deformation of the wearer's foot in 
natural pronation and supination, no matter how extreme. 
The deformation slits 152, as shown in Fig. 5 would, in 
5 effect, coincide with the lamination boundaries of an 
evenly spaced, three layer shoe sole, even though that 
point is only conceptual and they would prefer2Ut>ly be of 
injection molding shoe sole construction in order to hold 
the contour better. 

10 The function of deformation slits 152 is to allow 

the layers to slide horizontally relative to each other, 
to ease deformation, rather than to open up an angular gap 
as deformation slits or channels 151 do functionally. 
Consequently, deformation slits 152 would not be glued 

15 together, just as deformation slits 152 are not, though, 
in contrast, deformation slits 152 could be glued loosely 
together with a very elastic, flexible glue that allows 
sufficient relative sliding motion, whereas it is not 
anticipated, though possible, that a glue or other 

20 deforming material of satisfactory consistency could be 
used to join deformation slits 151. 

Optimally, deformation slits 152 would parallel 
the theoretically ideal stability plane 51, but could be 
at an angle thereto or irregular rather than a curved 

25 plane or flat to reduce construction difficulty and 

therefore cost of cutting when the sides have already been 
cast. 

The deformation slits 152 approach can be used by 
themselves or in conjunction with the shoe sole 

30 construction and natural deformation outlined in Fig. 9 of 
pending U.S. application No. 07/400,714; they can also be 
used in conjunction with shoe sole structures in pending 
U.S. application No. 07/416,478, filed on October 3, 1989. 

The nvunber of deformation slits 152 can vary like 

35 deformation slits 151"Irom one to any practical number and 
their depth can vary throughout the contoured side portion 
28b. It is also possible, though not shown, for the 
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defonaation slits 152 to originate from an inner gap 
between shoe sole sections 28a and 28b, and end somewhat 
before the outside edge 53a of the contoured side 28b. 

Fig. 6A shows, in a frontal plane cross section at 
5 the heel, a shoe sole with a combination like Fig. 5 of 
both sagittal plane deformation slits 151 and horizontal 
plane deformation slits 152. It shows deformation slits 
152 in the horizontal plane applied to a conventional shoe 
having a sole structure with moderate side flare and 
10 without either reinforced heel counter or other motion 
control devices that would obstruct the natural 
deformation of the shoe sole. The deformation slits 152 
can extend all the way around the periphery of the shoe 
sole, or can be limited to one or more anatomical areas 
15 like the heel, where the typically greater thickness of 
the shoe sole otherwise would make deformation difficult; 
for the same reason, a negative heel shoe sole would need 
deformation enhancement of the thicker forefoot. 

Also shown in Fig. 6A is a single deformation slit 
20 151 in the sagittal plane extending only through the 

bottom sole 128; even as a minimalist structure, such a 
single deformation sipe, by itself alone, has considerable 
effect in facilitating natural deformation, but it can 
enlarged or supplemented by other sipes. The lowest 
25 horizontal slit 152 is shown located between the bottom 
sole 128 and the midsole 127. 

Fig. 6B shows, in frontal plane cross section at 
the heel, a similar conventional shoe sole structure with 
more and deeper deformation slits 152, which can be used 
30 without any deformation slits 151. 

The advantage of horizontal plane deformation 
slits 152, compared to sagittal plane deformation slits 
151, is that the normal weight-bearing load of the wearer 
acts to force together the sections separated by the 
35 horizontal slits so tHat those sections are stabilized by 
the natural compression, as if they were glued together 
into a single unit, so that the entire structure of the 
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10 



Shoe sole reacts under compression much like one without 
deformation slits in terms of providing a roughly 
equivalent amount of cushioning and protection, in other 
words, under compression those localized sections become 
relatively rigidly supporting while flattened out directly 
under the flattened load-bearing portion of the foot sole, 
even though the deformation slits 152 allow flexibility 
like that of the foot sole, so that the shoe sole does not 
act as a single lever as discussed in Fig 1. 

In contrast, deformation sipes 151 are parallel to 
the force of the load-bearing weight of the wearer and 
therefore the shoe sole sections between those sipes 151 
are not forced together directly by that weight and 
stabilized inherently, like slits 152. Compensation for 
15 this problem in the form of firmer shoe sole material than 
are used conventionally may provide equivalently rigid 
support, particularly at the sides of the shoe sole, or 
deformation slits 152 may be preferable at the sides. 

Pig. 6C shows, in frontal plane cross section at 
20 the heel, a similar conventional shoe sole structure 

horizontal plane deformation sipes 152 extending all the 
way from one side of the shoe sole to the other side, 
either coinciding with lamination layers — heel wedge 38, 
midsole 127, and bottom sole 128 ~ in older methods of 
25 athletic shoe sole construction or molded in during the 
more modern injection molding process. The point of the 
Fig. 6C design is that, if the laminated layers which are 
conventionally glued together in a rigidly fixed position 
can instead undergo sliding motion relative to each other, 
then they become flexible enough to conform to the ever 
changing shape of the foot sole in motion while at the 
same time continuing to provide about the same degree of 
necessary direct structural support. 

Such separated lamination layers would be held 
35 together only at the outside edge by a layer of elastic 

material or fabric 180 bonded to the lamination layers 38, 
127 and 128, as shown on the left side of Fig 6C. The 
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. elasticity of the edge layer 180 should be sufficient to 
avoid inhibiting significantly the sliding motion between 
the lamination layers. The elastic edge layer 180 can 
also be used with horizontal deformation slits 152 that do 
5 not extend completely across the shoe sole, like those of 
Figs. 6A and 6B, and would be useful in keeping the outer 
edge together, keeping it from flapping down and catching 
on objects, thus avoiding tripping. The elastic layer 180 
can be connected directly to the shoe upper, preferably 

10 overlapping it. 

The deformation slit structures shown in 
conventional shoe soles in Fig. 6 can also be applied to 
the applicant's quadrant sides, naturally contoured sides 
and fully contotured sides inventions, including those with 

15 greater or lesser side thickness, as well as to other shoe 
sole structures in his other prior applications already 
cited • 

If the elastic edge layer 180 is not used, or in 
conjunction with its use, the lamination layers can be 

20 attached with a glue or other connecting material of 
sufficient elasticity to allow the shoe sole to 
deformation naturally like the foot. 

Fig. 7 shows, in frontal plane cross section at 
the heel, a conventional shoe with horizontal plane 

25 deformation slits 152 with the wearer's right foot 

inverted 20 degrees to the outside at about its normal 
limit of motion. Pig. 7 shows how the use of horizontal 
plane deformation slits 152 allows the nattiral motion of 
the foot to occur without obstruction. The attachments of 

30 the shoe upper are shown conventionally, but it should be 
noted that such attachments are a major cause of the 
accordion-like effect of the inside edge of the shoe sole. 
If the attachments on both sides were move inward closer 
to the center of the shoe sole, then the slit areas would 

35 not be pulled up, leaving the shoe sole with horizontal 

plane deformation slits laying roughly flat on the ground 
with a convention, un-accordion-like appearance. 
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Fig. 8 shows, again in frontal plane cross section 
at the heel, a conventional shoe sole structure with 
deformation slits 152 enlarged to horizontal plane 
channels, broadening the definition to horizontal, plane 
deformation sipes 152, like the very broad definition 
given to sagittal plane deformations sipes 151 in both 
earlier applications, Nos. ^509 and '579. In contrast to 
sagittal plane deformation sipes 151, however, the voids 
created by horizontal plane deformation sipes 152 must be 
filled by a material that is sufficiently elastic to allow 
the shoe sole to deform naturally like the foot while at 
the same time providing structural support. 

Certainly, as defined most simply in terms of 
horizontal plane channels, the voids created must be 
filled to provide direct structural support or the areas 
with deformation sipes 152 would sag. However, just as in 
the case of sagittal plane deformation sipes 151, which 
were geometrically defined as broadly as possibly in the 
prior applications, the horizontal plane deformation sipes 
152 are intended to include any conceivable shape and 
certainly to include any already conceived in the form of 
existing sipes in either shoe soles or automobile tire. 
For example, deformation sipes in the form of hollow 
cylindrical aligned parallel in the horizontal plane and 
sufficiently closely spaced would provide a degree of both 
flexibility and structural support sufficient to t)rovide 
shoe sole deformation much closer to that of the foot than 
conventional shoe soles. Similarly, such cylinders, 
whether hollow or filled with elastic material, could also 
be used with sagittal plane deformation sipes, as could 
any other shape. 

It should be emphasized that the broadest possible 
geometric definition is intended for deformation sipes in 
the horizontal plane, as has already been established for 
deformation sipes in €he sagittal plane. There can be the 
same very wide variations with regard to deformation sipe 
depth, frequency, shape of channels or other structures 
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(regular or otherwise) , orientation within a plane or 
obliqueness to it, consistency of pattern or randomness, 
relative or absolute size, and symmetry or lack thereof. 

The Fig. 8 design applies also to the applicant's 
5 earlier naturally contoured sides and fully contoured 

inventions, including those with greater or lesser side 
thickness; although not shown, the Fig. 8 design, as well 
as those in Figs* 6 and 7, could use a shoe sole density 
variation like that in the applicant's pending U.S. 

10 application No. 07/416,478, filed on October 3^ 1989, as 
shown in Fig. 7 of the No. ^579 application. 

Figs. 9A-C show a series of conventional shoe sole 
cross sections in the frontal plane at the heel utilizing 
both sagittal plane and horizontal plane sipes, and in 

15 which some or all of the sipes do not originate from any 
outer shoe sole surface, but rather are entirely internal. 
Relative motion between internal surfaces is thereby made 
possible to facilitate the natural deformation of the shoe 
sole. The intent of the general invention shown in Fig. 9 

20 is to create a similar but simplified and more 

conventional version of the some of the basic principles 
used in the unconventional and highly anthropomorphic 
invention shown in Figs. 9 and 10 of the prior application 
No. '302, so that the resulting functioning is similar. 

25 Fig. 9A shows a group of three lamination layers, 

but unlike Fig. 6C the central layer 188 is not glued to 
the other surfaces in contact with it; those s\irfaces are 
internal deformation slits in the sagittal plane 181 and 
in the horizontal plane 182, which encapsulate the central 

30 layer 188, either completely or partially* The relative 
motion between lamination layers at the deformation slits 
181 and 182 can be enhanced with lubricating agents, 
either wet like silicone or dry like teflon, of any degree 
of viscosity; shoe sole materials can be closed cell if 

35 necessary to contain €he lubricating agent or a non-porous 
surface coating or layer can be applied. The deformation 
slits can be enlarged to channels or any other practical 
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geometric shape as sipes defined in the broadest possible 
terms. 

The relative motion cem be diminished by the use 
of roughened surfaces or other conventional methods, 
5 including velco-like attachments, of increasing the 

coefficient of friction between lamination layers. If 
even greater control of the relative motion of the central 
layer 188 is desired, as few as one or many more points 
can be glued together anywhere on the internal deformation 

10 slits 181 and 182, making them discontinuous; and the glue 
can be any degree of elastic or inelastic. 

In Fig. 9A, the outside structure of the sagittal 
plane deformation sipes 181 is the shoe upper 21, which is 
typically flexible and relatively elastic fabric or 

15 leather. In the absence of any connective outer material 
like the shoe upper shown in Fig. 9A or the elastic edge 
material 180 of Fig. 6C, just the outer edges of the 
horizontal plame deformation sipes 182 can be glued 
together. 

20 Fig. 9B shows another conventional shoe sole in 

frontal plane cross section at the heel with a combination 
similar to Fig. 9A of both horizontal and sagittal plane 
deformation sipes that encapsulate a central section 188. 
Like Fig. 9A, the Pig. 9B structure allows the relative 

25 motion of the central section 188 with its encapsulating 
outer midsole section 184, which encompasses its sides as 
well as the top sxirface, and bottom sole 128, both of 
which are attached at their common boundaries 183. 

This Fig. 9B approach is analogous to that in Fig. 

30 9 of the prior application No. '302, which is the 

applicant's fully contoured shoe sole invention with an 
encapsulated midsole chamber of a pressure-transmitting 
medium like silicone; in this. conventional shoe sole case, 
however, the pressure-transmitting medium is a more 

35 conventional section of typical shoe cushioning material 
like PV or EVA, which also provides cushioning. 

Fig. 9C is also another conventional shoe sole in 
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frontal plane cross section at the heel with a combination 
similar to Figs, 9A and 9B of both horizontal and sagittal 
plane deformation sipes. However, instead of 
encapsulating a central section 188, in Fig. 9C an upper 
5 section 187 is partially encapsulated by deformation sipes 
so that it acts much like the central section 188, but is 
more stable and more closely analogous to the actual 
structure of the human foot. 

That structure was applied to shoe sole structure 
10 in Fig. 10 of prior application No. '302; the upper 

section 187 would be analogous to the integra1:ed mass of 
fatty pads, which are U shaped and attached to the 
calcaneus or heel bone; similarly, the shape of the 
deformation sipes is U shaped in Fig. 9C and the upper 

15 section 187 is attached to the heel by the shoe upper, so 
it should function in a similar fashion to the aggregate 
action of the fatty pads. The major benefit of the Fig. 
9C invention is that the approach is so much simpler and 
therefore easier and faster to implement than the highly 

20 complicated anthropomorphic design shown Fig. 10 of '302. 

An additional note on Fig, 9C: the midsole sides 
185 are like the side portion of the encapsulating midsole 
184 in Fig. 9B. 

Fig. 9D shows in a frontal plane cross section at 

25 the heel a similar approach applied to the applicant's 

fully contoured design. Fig. 9D is like Fig. 9A of prior 
application No. '302, with the exception of the 
encapsulating chamber and a different variation of the 
attachment of the shoe upper to the bottom sole. 

30 The left side of Fig. 9D shows a variation of the 

encapsulation of a central section 188 shown in Fig. 9B, 
but the encapsulation is only partial, with a center upper 
section of the central section 188 either attached or 
continuous with the upper midsole equivalent of 184 in 

35 Fig. 9B. 

The right side of Fig. 9D shows a structure of 
deformation sipes like that of Fig. 9C, with the upper 
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midsole section 187 provided with the capability of moving 
relative to both the bottom sole and the side of the 
midsole. The Fig. 9D structure varies from that of Fig. 
9C also in that the deformation sipe 181 in roughly the 
5 sagittal plane is partial only and does not extend to the 
upper surface 30 of the midsole 127, as does Fig. 9C. 

Figs. 10 and 11 show frontal plane cross sectional 
views of a shoe sole according to the applicant's prior 
inventions based on the theoretically ideal stability 

10 plane, taken at about the ankle joint to show the heel 
section of the shoe. In the figures, a foot 27 is 
positioned in a naturally contoured shoe having an upper 
21 and a sole 28. The shoe sole normally contacts the 
ground 43 at about the lower central heel portion thereof. 

15 The concept of the theoretically ideal stability plane, as 
developed in the prior applications as noted, defines the 
plane 51 in terms of a locus of points determined by the 
thickness (s) of the sole. The reference numerals are 
like those used in the prior pending applications of the 

20 applicant mentioned above and which are incorporated by 
reference for the sake of completeness of disclosvire, if 
necesseury. 

Fig. 10 shows, in a rear cross sectional view, the 
application of the prior invention showing the inner 
surface of the shoe sole conforming to the natural contour 
of the foot and the thickness of the shoe sole remaining 
constant in the frontal plane, so that the outer surface 
coincides with the theoretically ideal stability plane. 

Fig. 11 shows a fully contoured shoe sole design 
of the applicant's prior invention that follows the 
natural contour of all of the foot, the bottom as well as 
the sides, while retaining a constant shoe sole thickness 
in the frontal plane. 

The fully contoured shoe sole assumes that the 
35 resulting slightly rounded bottom when unloaded will 
deform under load and flatten just as the human foot 
bottom is slightly rounded unloaded but flattens under 
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load; therefore, shoe sole material must be of such 
composition as to allow the natural deformation following 
that of the foot. The design applies particularly to the 
heel, but to the rest of the shoe sole as well. ' By 
5 providing the closest match to the natural shape of the 
foot, the fully contoured design allows the foot to 
function as naturally as possible. Under load. Fig. 11 
would deform by flattening to look essentially like Fig. 
10. Seen in this light, the naturally contotxred side 
10 design in Fig. 10 is a more conventional, conservative 
design that is a special case of the more general fully 
contoured design in Fig. 11, which is the closest to the 
natural form of the foot, but the least conventional. The 
amount of deformation flattening used in the Fig. 10 
15 design, which obviously varies under different loads, is 
not an essential element of the applicant's invention. 

Figs. 10 and 11 both show in frontal plane cross 
sections the essential concept underlying this invention, 
the theoretically ideal stability plane, which is also 
20 theoretically ideal for efficient natural motion of all 
kinds, including running, jogging or walking. Fig. 11 
shows the most general case of the invention, the fully 
contoured design, which conforms to the natural shape of 
the unloaded foot. For any given individual, the 
25 theoretically ideal stability plane 51 is determined, 

first, by the desired shoe sole thickness (s) in a frontal 
plane cross section, land, second,. by the natural shape of 
the individual's foot surface 29. 

For the special case shown in Fig. 10, the 
30 theoretically ideal stability plane for any particular 

individual (or size average of individuals) is determined, 
first, by the given frontal plane cross section shoe sole 
thickness (s) ; second, by the natural shape of the indivi- 
dual's foot; and, third, by the frontal plane cross 
35 section width of the Individual's load-bearing footprint 
30b, which is defined as the upper siirface of the shoe 
sole that is in physical contact with and supports the 
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hvunan foot sole. 

The theoretically ideal stability plane for the 
special case is composed conceptually of two parts. Shovm 
in Pig. 10, the first part is a line segment 31b of equal 
5 length and parallel to line 30b at a constant distance (s) 
equal to shoe sole thickness. This corresponds to a 
conventional shoe sole directly underneath the human foot, 
and also corresponds to the flattened portion of the 
bottom of the load-bearing foot sole 28b. The second peat 

10 is the naturally contoured stability side outer edge 3 la 
located at each side of the first part, line segment 31b. 
Each point on the contoured side outer edge 31a is located 
at a distance which is exactly shoe sole thickness (s) 
from the closest point on the contoured side inner edge 

15 30a. 

In summary, the theoretically ideal stability 
plane is the essence of this invention because it is used 
to determine a geometrically precise bottom contour of the 
shoe sole based on a top contour that conforms to the 
20 contour of the foot. This invention specifically claims 
the exactly determined geometric relationship just 
described. 

It can be stated unequivocally that any shoe sole 
contour, even of similar contour, that exceeds the 

25 theoretically ideal stability plane will restrict natural 
foot motion, \rtiile any less than that plane will degrade 
natural stability, in direct proportion to the amount of 
the deviation. The theoretical ideal was taken to be that 
which is closest to natural. 

30 Central midsole section 188 and upper section 187 

in Fig. 9 must fulfill a cushioning function which 
frequently calls for relatively soft midsole material. 
Unlike the shoe sole structure shown in Fig. 9 of prior 
application No. '302, the shoe sole thickness effectively 

35 decreases in the Fig.~9 invention shown in this 

application when the soft central section is deformed 
under weight-bearing pressure to a greater extent than the 
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relatively firmer sides. 

In order to control this effect^ it is necessary 
to measure it. What is required is a methodology of 
measuring a portion of a static shoe sole at rest, that 
5 will indicate the resultant thickness under deformation. 
A simple approach is to take the actual least distance 
thickness at any point and multiply it times a factor for 
deformation or "give", which is typically measured in 
durometers (on Shore A scale) , to get a resulting 

10 thickness under a standard deformation load. Assuming a 
linear relationship (which can be adjusted empirically in 
practice) , this method would mean that a shoe sole 
midsection of 1 inch thickness and a fairly soft 30 
durometer would be roughly fixnctionally equivalent under 

15 equivalent load-bearing deformation to a shoe midsole 

section of 1/2 inch and a relatively hard 60 dvurometer; 
they would both equal a factor of 30 inch-d\irometer s . The 
exact methodology can be changed or improved empirically, 
but the basic point is that static shoe sole thickness 

20 needs to have a dynamic equivalent under equivalent loads, 
depending on the density of the shoe sole material. 

Since the Theoretically Ideal Stability Plane 51 
has already been generally defined in part as having a 
constant frontal plane thickness and preferring a uniform 

25 material density to avoid arbitrarily altering natural 
foot motion, it is logical to develop a non-static 
definition that includes compensation for shoe sole 
material density. The Theoretically Ideal Stability Plane 
defined in dynamic tems would alter constant thickness to 

30 a constant multiplication product of thickness times 
density. 

Using this restated definition of the 
Theoretically Ideal Stability Plane presents an 
interesting design possibility: the somewhat extended 
35 width of shoe sole sides that are required under the 

static definition of the Theoretically Ideal Stability 
Plane could be reduced by using a higher density midsole 
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ma-berial in the naturally contotired sides. 

Fig. 12 shows, in frontal plane cross section at 
the heel, the use of a high density (d') midsole material 
on the naturally contoured sides smd a low density (d) 

5 midsole material everywhere else to reduce side width. To 
illustrate the principle, it was assumed in Pig. 12 that 
density (d') is twice that of density (d) , so the effect 
is somewhat exaggerated to make clear, but the basic point 
is that shoe sole width can be reduced significantly by 

0 using the Theoretically Ideal Stability Plane with a 

definition of thickness that compensates for dynamic force 
loads. In the Fig. 12 example, about one fourth of an 
inch in width on each side is saved under the revised 
definition, for a total width reduction of one half inch, 

5 while rough functional equivalency should be maintained, 
as if the frontal plane thickness and density were each 
unchanging; again, the effect is exaggerated here to 
illustrate the point. Also, the line 51' parallels the 
Theoretically Ideal Stability Plane 51 at half the 

0 distance from the outer surface of the foot 29. Thus, for 
purposes of illustration, the difference between densities 
(d) and (d') is exaggerated. As shown in Fig. 12, the 
boundary between sections of different density is 
indicated by the line 45. 

5 Note that the design in Fig. 12 uses low density 

midsole material, which is effective for cushioning, 
throughout that portion of the shoe sole that would be 
directly load-bearing from roughly 10 degrees of inversion 
to roughly 10 degrees, the normal range of maximum motion 

0 during rtonning; the higher density midsole material is 

tapered in from roughly 10 degrees to 30 degrees on both 
sides, at which ranges cushioning is less critical than 
providing stabilizing support. Note also that the bottom 
sole is not shown in Fig. 12, for purposes of 

5 sia^lification of the~illustration, but it must obviously 
also be included in the mesisurement of shoe sole thickness 
and density; particularly with the bottom sole. 
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consideration must also be given to the structure, 
specifically the tread pattern, which can have a large 
impact on density in particular areas 

The foregoing shoe designs meet the objectives of this 
5 invention as stated above. However, it will clearly be 
understood by those skilled in the art that the foregoing 
description has been made in terms of the preferred 
embodiments and various changes and modifications may be 
made without departing from the scope of the present 
10 invention which is to be defined by the appended claims. 
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TOAT IS GIAIMED Iflg 

1 1. A Shoe construction for a shoe, such as an athletic 

2 shoe , cos^r is ing : 

3 an conventional upper shoe and a conventional shoe 

4 sole; 

5 said shoe sole con^osed of material of normal shoe sole 

6 firmness; 

7 said shoe sole having sipes such as slits or channels 

8 originating from the side surface of said sole; 

9 said sipes being of sufficient shape, size, depth, 

10 orientation and number to provide said shoe sole with 

11 flexibility sufficiently similar to that of the sole of 

12 the wearer's foot, so that at least the thickest major 

13 portion of said shoe sole, either the heel or forefoot or 

14 both, if equal, can easily parallel substantially the 

15 natural flattening deformation of the sole of the wearer's 

16 foot during the normal pronation and supination motion 

17 occurring when the wearer is standing, walking, jogging, 

18 or running* 

1 2. The shoe sole construction as set forth in claim 1, 

2 wherein said shoe sole has a heel thickness greater than 

3 the forefoot thickness. 

1 3. The shoe sole construction as set forth in claim 1, 

2 wherein said shoe sole deforms easily to conform to the 

3 theoretically ideal stability plane. 

1 4. The shoe sole construction as set forth in claim 1, 

2 wherein said shoe sole deforms to a plane somewhat greater 

3 or somewhat less than the theoretically ideal stability 

4 plane. 

1 5. The shoe sole construction as set forth in claim 1, 

2 wherein said sipes about parallel the horizontal plane. 
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1 6. The shoe sole construction as set forth in claim 1, 

2 wherein the empty spaces created in said shoe sole by said 

3 deformation sipes in the form of channels or any other 

4 practical geometric shapes are partially or completely 

5 filled with a flexible connecting material. 

1 7. The shoe sole construction as set forth in claim 1, 

2 wherein deformation sipes that parallel the horizontal 

3 plane are used in conj\inction with deformation sipes that 

4 parallel the sagittal plane and originate from the bottom 

5 sxurface of the shoe sole. 

1 8. The shoe sole construction as set forth in claim 1, 

2 wherein a midsole section is encapsulated by a combination 

3 of roughly horizontal plane and sagittal plane deformation 

4 sipes located internally in the shoe sole. 

1 9. The shoe sole construction as set forth in claim 1, 

2 wherein a midsole section is defined by a combination of 

3 roughly horizontal plane and sagittal plane deformation 

4 sipes forming a U shape. 

1 10. The shoe sole construction as set forth in claim 

2 1, wherein a layer of flexible elastic material or fabric 

3 is attached to the shoe sole sides. 

1 11. The shoe sole construction for a shoe, such as a 

2 street or athletic shoe, comprising: 

3 a sole having a substantially flat sole portion 

4 including a foot support surface, a naturally contovured 

5 side portion merging with at least a medial or lateral 

6 heel portion of said sole portion and conforming 

7 substantially to the shape of the associated sides of the 

8 htunan foot sole, and a substantially iiniform frontal plane 

9 thickness ; 

10 said thickness being defined as about the shortest 

11 distance between any point on an upper, foot-contacting 
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1 surface of said shoe sole and a lower, ground-contacting 

2 siirface; 

3 said thickness varying in about the sagittal plane and 

4 being greater in the heel portion than in the forefoot; 

5 said thickness of the naturally contoured side portion 

6 about equaling and therefore varying substantially 

7 directly with the thickness of the sole portion in about 

8 the frontal plane; 

9 said shoe sole composed of material of normal shoe sole 

10 firmness; 

11 said shoe sole having sipes such as slits or channels 

12 originating from the side surface of said sole; 

13 said sipes being of sufficient shape, size, depth, 

14 orientation and number to provide said shoe sole with 

15 flexibility sufficiently similar to that of the sole of 

16 the wearer's foot, so that at least the heel portion of 

17 said shoe sole can easily parallel substantially the 

18 natural flattening deformation of the sole of the wearer's 

19 foot during the normal pronation and supination motion 

20 occurring when the wearer is standing, walking, jogging, 

21 or running, 

1 12 The shoe sole construction as set forth in claim 

2 11, wherein said shoe sole deforms to a plane somewhat 

3 greater or somewhat less than the theoretically ideal 

4 stability plane. 

1 13. The shoe sole construction as set forth in claim 

2 11, wherein said sipes about peurallel the horizontal 

3 plane. 

1 14. The shoe sole construction as set forth in claim 

2 11, wherein the empty spaces created in said shoe sole by 

3 said deformation sipes in the form of channels or any 

4 other practical geometric shape is partially or completely 

5 filled with a flexible connecting material. 
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1 15. The shoe sole construction as set forth in claim 

2 11, wherein deformation sipes that parallel the horizontal 

3 plane are used in conjunction with deformation sipes that 

4 parallel the sagittal plane and originate from the bottom 

5 surface of the shoe sole. 

1 16. The shoe sole construction as set forth in claim 

2 11, wherein a midsole section is encapsulated by a 

3 combination of roughly horizontal plane and sagittal plane 

4 deformation sipes located internally in the shoe sole. 

1 17. The shoe sole construction as set forth in claim 

2 11, wherein a midsole section is defined by a combination 

3 of roughly horizontal plane and sagittal plane deformation 

4 sipes forming a U shape. 

1 18. The shoe sole construction as set forth in claim 

2 13, wherein' a layer of flexible elastic material or fabric 

3 is attached to the shoe sole sides. 

1 19. A shoe sole construction for a shoe, such as a 

2 street or athletic shoe, comprising: 

3 a shoe sole with at least a medial or lateral portion 

4 that conforms substantially to the natural shape of the 

5 wearer's foot sole, including portions of its sides, and 

6 that has a substantially constant multiplication product 

7 of thickness in about frontal plane cross sections times 

8 density; 

9 said thickness being defined as about the shortest 

10 distance between any point on an upper foot-contacting 

11 surface of said shoe sole and a lower grounds-contacting 

12 surface; 

13 said shoe sole . composed of material of normal shoe sole 

14 firmness; 

15 said shoe sole having sipes such as slits or channels 

16 originating from the side surface of said sole; 

17 said sipes being of sufficient shape, size, depth. 
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1 orientation and niimber to provide said shoe sole with 

2 flexibility sufficiently similar to that of the sole of 

3 the wearer's foot, so that at least the thickest major 

4 portion of said shoe sole, either the heel or forefoot or 

5 both, if equal, can easily parallel substantially the 

6 natural flattening deformation of the sole of the wearer 'i 

7 foot during the noannal pronation and supination motion 

8 occurring when the wearer is standing, walking, jogging, 

9 or running. 

1 20. The shoe sole construction as set forth in claim 

2 19, wherein relatively higher density midsole material is 

3 used together with proportionately less thickness in the 

4 contoured sides of said shoe sole to reduce overall shoe 

5 sole width while maintaining fiinctional equivalency in 

6 stability. 
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VI. □ OBSERVATIONS WHERE UNITY OF INVENTION IS LACKING > 



This International Searchin0 Authority found multiple inventiona In this international application as fellows: 



1.Q As all required additional search fees were timely paM by the applicant this IntemaUonal aeaich report 
of the international application. 

As only some of the required additional aearch fees were limel> paid by the applicant, this Intematlonal aaareh 
those claima of the intematlonal application for which fees were paid, specifically claims: 



covers att searchable claims 
covers only 



aG No rqqulred Eddlbonat March fees were timely paid by the applicant Consequently, this intematlonal search report Is restricted to 
1 first mentioned In the daima; Ills eoverad by c 



4.Q As all ;;»«h«ble claims c^^^ be searched without effort justifyins an additional fee. the International Searchinq Authority did not 
inviie payment or any aooitionai tee* 

Remarlt on Protest 

n The addittonal search feea were accompanied by appUcant's pretest 

Q No protest accompanied the payment el i 
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